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I. ORBIT 

Venus i s  t h e  second known p l a n e t  from t h e  sun.  I ts  o r b i t  i s  

a lmos t  . e x a c t l y  c i r c u l a r  and  c a r r i e s  i t  between Mercury and E a r t h .  

A comparison of t h e  o r b i t a l  elements of  Venus w i t h  those of E a r t h  

i s  g i v e n  i n  Table  1. Th i s  d a t a  i s  d e r i v e d  from t h e  U.S. Naval 

Obse rva to ry  Ephemeris f o r  1962l  and from Al len  2 . 
3 From t h e  e s t i m a t e d  p l a n e t a r y  c o o r d i n a t e s  of P o r t e r  -- e t  a l .  , 

i n f e r i o r  c o n j u n c t i o n s  of Venus f o r  t h e  n e x t  20 y e a r s  can  b e  p r e d i c t e d  

(Table  2). 

Due t o  t h e  i n c l i n a t i o n  of t h e  o r b i t  of Venus t o  t h e  e c l i p t i c ,  

i n f e r i o r  c o n j u n c t i o n s  r a r e l y  appear  a s  t r a n s i t s  of t h e  sun. The 

o n l y  t r a n s i t s  between t h e  y e a r s  1600 and 2200 a r e  g i v e n  i n  Tab le  3. 

O c c u l t a t i o n s  of  o the r  p l a n e t s  by Venus have been observed ,  

b u t  a r e  r a r e  4 . O c c u l t a t i o n s  of s t a r s  by Venus are more common 596,798 

and have been used t o  e s t i m a t e  t h e  e x t e n t  of t h e  p l a n e t ' s  a tmosphere.  



Table 1. O r b i t a l  Elements  

Venus E a r t h  

Mean d i s t a n c e  from sun (A.U.*) 00723,332 1-000,000,2 

I n c l i n a t i o n  of o r b i t  t o  e c l i p t i c  3'- 394,26 d e f i n e s  t h e  e c l i p t i c  

Longi tude  of a scend ing  node 76' 345,9 7 -- 
Longi tude  of p e r i h e l i o n  131°-049,34 102' 286,39 

E c c e n t r i c i t y  of o r b i t  0 -006,79 1 0.016,724 

Mean d a i l y  motion 1°*602,130 0 O 9 85,60 9 

S o l a r  d i s t ance  a t  p e r i h e l i o n  (A,U.*) 00718,384 00983,276 

Mean o r b i t a l  v e l o c i t y  (km/sec) 35.05 29-8  

S iderea l  p e r i o d  (days) 224-701 365 0 26 

Synodic  p e r i o d  (days) 583.92 

Longi tude  1962 December 2-0 80°* 79 7,861 

*The g e n e r a l l y  accep ted  va lue  f o r  t h e  a s t r o n o m i c a l  u n i t  i s  
149,525,000 2 10,000 km. 

. 



T a b l e  2 .  In fer ior  Conjunctions of Venus t o  1980 

Date Approx. longitude 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10.  

11.  

1964 Jun. 20 

1966 Jan. 26 

1967 Aug. 30 

1969 Apr. 9 

1970 Nov. 10 

1972 Jun. 18 

1974 Jan, 24 

1975 Aug. 28 

1977 Apr. 7 

1978 Nov. 8 

1980 Jun. 15 

27OO.O 

155'82 

336'00 

199'05 

4 7 0 - 4  

268'-4 

153O-0 

333'02 

195O.8 

44O.9 

86'02 



Tab le  3 .  Trans i t s  of Venus 

1. 

2. 

3 .  

4. 

5. 

4. 

7. 

8. 

9. 

10. 

1631 

1639 

1761 

1769 

18 74 

1882 

2004 

20 12 

2117 

2125 

D e c .  6 

D e c .  4 

Jun. 5 

Jun. 3 

D e c .  8 

D e c .  6 

Jun. 7 

Jun. 5 

D e c .  10 

D e c .  8 
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11. DIMENSIONS AND MASS 

A s  t h e  c l o u d s  of Venus a r e  impene t r ab le  and never  c lear ,  a l l  

e s t i m a t e s  of t h e  d i ame te r  of Venus a r e  n o t  of t h e  s o l i d  p l a n e t ,  

b u t  of t h e  p l a n e t  + atmosphere.  There a r e  two s o u r c e s  of i n a c c u r a c y  

i n  d e t e r m i n a t i o n s  of d i a m e t e r  . The f irst  i s  e r r o r s  in t h e  measurement 

of a n g u l a r  d i ame te r .  Thus a n  error of 2 0.01 seconds  of an  a r c  i s  

e q u i v a l e n t  t o  a n  e r r o r  of 2 14 km i n  t h e  c a l c u l a t e d  l i n e a r  d i ame te r ,  

w h i l e  a n  i n a c c u r a c y  of 2 10,000 km i n  t h e  assumed S e p a r a t i o n  of 

E a r t h  and Venus i s  e q u i v a l e n t  t o  a n  e r r o r  of ,+ 1 km i n  t h e  d i ame te r .  

Now 2 0.01 seconds of a n  a r c  i s  approx ima te ly  t h e  p r e d i c t e d  micro- 

meter e r r o r  i n  measuring Venus. The e r r o r  i n  s e p a r a t i o n  estimates 

depends upon t h e  r e l a t i v e  p o s i t i o n s  of t h e  p l a n e t s  i n  t h e i r  o r b i t s .  

Thus t h e  maximum s e p a r a t i o n  is 1.723332 A.U. and t h e  minimum 

0.276668 A.U. 

? 10,000 km. 

9 

The g e n e r a l l y  accepted  error i n  knowledge o f  A.U. i s  

Hence a t  maximum s e p a r a t i o n  t h e  e r r o r  due t o  t h i s  

f a c t o r  i n  t h e  c a l c u l a t e d  d iameter  of Venus i s  abou t  2 km, and a t  

minimum s e p a r a t i o n ,  less t h a n  1 km. 

A n a l y s i s  of t h e  c a l c u l a t e d  I L i s a r  d i a m e t e r s  of Venus b y  

d i f f e r e n t  workers  h a s  been p r e s e n t e d  b y  Makemson, et e.1o and a 

summary of t h e i r  r esu l t s  i s  g iven  i n  Tab le  4. 

A l l  attempts t o  d e t e c t  p o l a r  f l a t t e n i n g  of  Venus have been 

unsuccess fu l”  and t h e  o b l a t e n e s s  ( e q u a t o r i a l  r a d i u s  - p o l a r  r a d i u s )  t 

( e q u a t o r i a l  r a d i u s )  = 0.00. 



. 

Taking t h e  l i n e a r  d i ame te r  of Venus t o  be 12,200 km t h i s  

14 2 g i v e s  a volume of 9 - 5 5  x lo2' m . 3  and a s u r f a c e  a r e a  of 4 . 6 8  x 10 m .  

Due t o  t h e  absence  of a n a t u r a l  s a t e l l i t e ,  t h e  mass of Venus h a s  

t o  be c a l c u l a t e d  from o b s e r v a t i o n s  of  p l a n e t a r y  motions.  

i s  norma l ly  expres sed  a s  a f r a c t i o n  of t h e  s o l a r  mass. R e s u l t s  of 

mass d e t e r m i n a t i o n s  of Venus over t h e  p a s t  c e n t u r y  have been  reviewed 

by Makemson -- e t  a1 . l '  and a summary of t h e i r  r e s u l t s  i s  g i v e n  i n  

Table  5. 

The r e s u l t  

Taking t h e  mass of t h e  s u n  a s  1 . 9 9 1  x g . ,  t h i s  g i v e s  a n  

a b s o l u t e  mass f o r  Venus, u s i n g  t h e  f i g u r e  of Makemson -- e t  a 1 . l 0 ,  of 

4.892 x g.  ( E a r t h  = 5.983 x Combining t h i s  f i g u r e  

w i t h  t h a t  f o r  volume g i v e n  above, t h e  mean s p e c i f i c  g r a v i t y  of the 

p l a n e t  is_ 5 - 1 5  ( E a r t h  ZI 5 . 5 2 ) .  

The a c c e l e r a t i o n  due t o  g r a v i t y  a t  t h e  v i s i b l e  s u r f a c e  can  

be  c a l c u l a t e d  from t h e  d i ame te r  and mass. Taking t h e  d i a m e t e r  a s  

12,200 2 40 km,  t h e  mass a s  1/407,100 2 1000 s o l a r  masses,  t h e  

a c c e l e r a t i o n  due t o  g r a v i t y  ( 8 )  becomes 877 f 8 cm/sec'2. Taking 

t h e  d i s t a n c e  between t h e  t o p  of t h e  w h i t e  c l o u d s  of Venus and t h e  

s o l i d  surface a s  50 km, t h e  s o l i d  s u r f a c e  g w i l l  be approx ima te ly  

890 cm/sec'2 (Ea r th  s u r f a c e  g = 981 cm/sec'2). 



T a b l e  4 .  L i n e a r  Diameter 

Diameter (km) Author and Year 

1. 12,640 Rabe (1928) l2 
13 2 .  12,513 Ross (1928) 

3. 12,060 Mu1 ler  ( 1948) l4 

4 .  12,246 Kuiper (1952) l5 

5 .  12,400 Al len  (1955) 

6 .  12,200 Menzel and d e  Vaucouleurs  (1960) 

7 .  12,200 Martynov (1960) 

8.  12,200 Makemson, et &. (1961)lO 

8 

16 

range  12060 t o  12,640 

mean 12,294 krn 

E a r t h  l i n e a r  d iameter  = 

km 

12,742 km (mean) 

. 



Table 5. Mass of Venus 

So l a  r ma s se s Author and Year 

17 1.  1/408,000 Newcomb (1895) 

2. 1/403,490 Ross (1916)18 

3. 1/406,358 Fotheringham (1926) 

4. 1/404,700 

5. 1/404,000 

6. 1/407,000 

7. 1/409,300 

Jones (1928) 28 

DeSit ter  and Brouwer (1938) 

Morgan and S c o t t  (1939) 

Clemence (1943) 23 

21 

22 

8. 1/406,644 Rabe (1949)24 

9. 1/409,600 Kuiper (1952) l5 

10. 1/408,600 Allen (1955) * 
11. 1/407,000 Makemson, -- et  al. (1961) 10 

range 1/403,490 t o  1/409,600 

mean 1/406,608 

Earth mass = 1/332,700 
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111. APPEARANCE, ALBEDO AND COLOR 

I n  t h e  t e l e s c o p e ,  Venus p r e s e n t s  a series of phase  changes 

s i m i l a r  t o  t h o s e  of t h e  Moon. A t  i t s  c l o s e s t  approach ,on ly  a 

narrow crescent can be seen, while a t  i t s  g r e a t e s t  d i s t a n c e ,  t h e  

p l a n e t  shows a f u l l  d i s k .  

. 

The v i s u a l  a l b e d o  of Venus h a s  been r e p o r t e d  a t  v a l u e s  

r a n g i n g  between 0 . 5 9  and 0 . 7 6 .  (de  V a u c o u l e ~ r s ~ ~ ) ,  It i s  p r o b a b l e ,  

however, t h a t  t h e  a l b e d o  i s  a f u n c t i o n  of wavelength,  and f e w  

s p e c i f i c  measurements have been r e p o r t e d ,  though Kuiper15 r e c o r d s  

an a l b e d o  of 0.76 f o r  5500 

peak of s o l a r  r a d i a n t  e n e r g y ) .  

I_c_ 

(a wavelength co r re spond ing  t o  t h e  

Color  measurements of Venus have been made a t  s e v e r a l  

o b s e r v a t o r i e s  and r e s u l t s  a r e  shown i n  Table  6 ( H a r r i s  ) .  26 

I n  t h e  t e l e s c o p e ,  Venus appea r s  a s  a b r i g h t  image t i n g e d  w i t h  

ye l low.  

of t h e  " c o l o r  index" ( d i f f e r e n c e  i n  magnitude a t  4250 1) have been 

n o t  v e r y  s u c c e s s f u l  and r e s u l t s  r a n g i n g  from 0 .6  t o  1 . 2  have been 

r e p o r t e d  (Evansg).  

of G-class s ta rs ,  such a s  t h e  sun, which v a r y  from a b o u t  0 . 5 7  t o  0 . 6 5 .  

Attempts  t o  a c t u a l l y  measure t h e  c o l o r  of Venus i n  terms 

T h i s  should  be  c o n t r a s t e d  w i t h  t h e  c o l o r  index 



Table 6 .  Color  of Venus 

Mean co lor  Di f f erence  between p l a n e t  
and sun 

U-B B-V U B V 

Venus 0.50 0 .82  0.55 0 . 1 9  0.00 

MdrS 0 . 5 8  1 .3G 1 . 1 7  0 . 7 1  0.00 

J u p i t e r  0.48 0 . 8 3  0.54 0.20 0.00 

- -  -- -- Sun 0.14 0 . 6 3  

U u l t r a v i o l e t  ( H  3700 x) 
B b l u e  (-4250 1) 
V v i s i b l e  ( ~ 5 2 8 0  1) 
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IV. ATMOSPHERE 

The atmosphere of Venus i s  dense  and c o n t a i n s  l a r g e  p a r t i c l e s  

of some m a t e r i a l  w i t h  h igh  r e f l e c t i n g  power. S e v e r a l  a t t e m p t s  

have been made t o  de t e rmine  t h e  d e p t h  of t h e  a tmosphere.  Pe rhaps  

t h e  most r e l i a b l e  a r e  measurements made d u r i n g  o c c u l t a t i o n s  of s t a r s  

by Venus. The r e s u l t s  of these s t u d i e s  a r e  g i v e n  in Table 7 and 

i n d i c a t e  a n  a tmosphe r i c  d e p t h  of 90 t o  120 km. For compara t ive  

p u r p o s e s :  t h e  h i g h e s t  c l o u d s  in t h e  E a r t h ' s  a tmosphere a r e  a t  an  

a l t i t u d e  of abou t  85 km. 

The composi t ion  of t h e  atmosphere of Venus i s  s t i l l  obscure ,  

Table  8 l is ts  and t h e  o n l y  g a s  i d e n t i f i e d  s a t i s f a c t o r i l y  i s  C 0 2 .  

t h e  major  i d e n t i f i e d  a b s o r p t i o n s  i n  t h e  spectrum of Venus ( a f t e r  Rea27) .  

It  w i l l  be  seen  t h a t  t h e  ev idence  f o r  t h e  p r e s e n c e  of C02 i s  

e x c e l l e n t ,  b u t  t h e  ev idence  for o the r  components i s  q u i t e  meager. 

The i d e n t i f i c a t i o n  of CO presumably i m p l i e s  t h e  photo  d i s s o c i a t i o n  

of t h e  d i o x i d e  i n  t h e  upper atmosphere.  

r e a c t i o n  is  oxygen, traces of  t h e  l a t t e r  g a s  may occur  above t h e  

c l o u d s  and accoun t  f o r  t h e  r e c e n t l y  r e p o r t e d  d e t e c t i o n  of oxygen 

by P r o k o f i e v  . 

As a n o t h e r  p r o d u c t  of t h i s  

28 

The e s t i m a t e d  amount of each g a s  above t h e  c loud  l a y e r  i s  a s  

f o l l o w s  : 

29 C02 c .  1000 meter-atmospheres  (Herzberg ) 

co c . 2 3  c m  - atmospheres  (Sinton30)  

H20 c . 1 . 9 2  1 . 6  x g/cm ( S t r o n g ,  e t  a l .  ) 
104 -- 2 
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I t  should  be emphasised t h a t  these v a l u e s  e s t i m a t e  t h e  amounts of 

each  g a s  above t h e  c loud  l a y e r .  There i s  no d a t a  on t h e  composi t ion  

of t h e  a tmosphere below t h e  c louds ,  though i t  is  c l e a r  t h a t  C02 is 

a major c o n s t i t u e n t .  

Other  components t h a t  might b e  expec ted  a r e  a rgon  and n i t r o g e n .  

The f i r s t  of  t h e s e  i s  impossible t o  d e t e c t  s p e c t r o g r a p h i c a l l y  on 

E a r t h .  Emission l i n e s  i n  t h e  Venusian spectrum have been a s c r i b e d  

t o  N< by K o ~ y r e v ~ ~  and by N e ~ k i r k ~ ~ .  

However, t h e s e  r e s u l t s  were n o t  confirmed i n  a l a t e r  s t u d y  

34 by Weinbert  and Newkirk . 
Examinat ions of t h e  s p e c t r a  of Venus i n  o t h e r  r e g i o n s  i s  s t i l l  

30 i n  t h e  e x p e r i m e n t a l  stage, and f e w  r e s u l t s  a r e  a v a i l a b l e .  S i n t o n  

h a s  r eco rded  s p e c t r a  from 1.1 t o  4.0,~ . 
w i t h  band centers a t  1.1, 1 . 2 ,  1.45, 1 .55 ,  1 .7 ,  2 .05,  2.25, 2.51, 

3.08, 3.15, and 3 . 2 8 ~  . 

Absorp t ions  w e r e  s een  

S i n t o n  and St rong31 have r eco rded  t h e  

s p e c t r a  from 8 t o  1 3  

1 1 . 2 ~  . 
and found o n l y  a weak a b s o r p t i o n  band a t  

Reaz7 h a s  sugges ted  t h i s  f e a t u r e  t o  be due t o  i n o r g a n i c  
10 5 

c a r b o n a t e s ,  w h i l e  S i n t o n  h a s  sugges ted  polymerized C3O2. 

Upper l i m i t s  can  be p l a c e d  on t h e  p r e s e n c e  of some o t h e r  gases 

from t h e  work of Kuiper15 on s p e c t r a  i n  the 1.5 t o  2 . 2 , ~  r ange .  

Only t r a c e  amounts of N20, CH4, C2H4, C2Hg, o r  NH3 cou ld  be  

106 Kozyrev has  r e p o r t e d  t h e  p r e s e n c e  of emis s ion  l i n e s  due t o  

I p r e s e n t .  
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formaldehyde,  b u t  t h i s  h a s  n o t  b e e n  confirmed by o t h e r  workers ,  

w h i l e  W i l d t  p l aced  a n  upper  l i m i t  of 0 . 3  ern atmos. on formaldehyde 

from t h e  l a c k  of a b s o r p t i o n  a t  3550 g. 

10 7 

Heyden, -- e t  a1.35, have a s c r i b e d  a broad continuum i n  t h e  near -  

u l t r a v i o l e t  spectrum of V e n u s  t o  NzO4. The i d e n t i f i c a t i o n ,  however, 

should be r ega rded  as  o n l y  t e n t a t i v e  due t o  t h e  v e r y  low amounts of 

02 and N20 (both  p h o t o  d i s s o c i a t i o n  p r o d u c t s  of N204). 

P r e s e n t  views on t h e  chemical composi t ion  of t h e  g a s e s  of t h e  

atmosphere of Venus a r e  summarized i n  Table  9 .  It w i l l  be s e e n  t h a t  

t h e  t o t a l  a v a i l a b l e  in fo rma t ion  i s  v e r y  l i m i t e d ,  

La rge ly ,  because  of t h i s  l ack  of chemica l  i n f o r m a t i o n  on t h e  

g a s e s  of t h e  a tmosphere,  l i t t l e  i s  known of t h e  c louds .  There is 

r e a s o n  t o  b e l i e v e  t h a t  t h e r e  a r e  t w o  l a y e r s  of c l o u d s  on t h e  p l a n e t  

(Sagan36). 

app rox ima te ly  30 o r  40 km above t h e  s u r f a c e ,  w h i l e  a second t h i n n e r  

l a y e r  of d a r k ,  u l t r a v i o l e t - r e f l e c t i n g  c l o u d s  o c c u r s  abou t  100 km up. 

P o l a r i z a t i o n  s t u d i e s  of t h e  c l o u d s  have been conducted by 

The t o p  of t h e  dense w h i t e  (or yel low-white)  c l o u d s  i s  

L y ~ t ~ ~  and by Dollfus3*.  

can be i n t e r p r e t e d  a s  due t o  f i n e  d r o p l e t s  c . Z , i n  d i a m e t e r  forming 

t h e  upper  r e g i o n  of t h e  w h i t e  c louds .  

would be compa t ib l e  w i t h  t h e  expe r imen ta l  d a t a ,  b u t  so would v e r y  

sma l l  t r a n s p a r e n t  c r y s t a l s .  

Both conclude  t h a t  t h e  p o l a r i z a t i o n  d a t a  

Water d r o p l e t s  of t h i s  s ize  

Numerous hypo theses  have been proposed f o r  t h e  chemical 

composi t ion  of t h e  c l o u d s  of Venus. As t h e  a v a i l a b l e  d a t a  i s  so 
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meager, these a r e  mere ly  summarized i n  Table  10. A t  t h e  p r e s e n t  

t i m e  no  h y p o t h e s i s  s a t i s f a c t o r i l y  a c c o u n t s  f o r  t h e  p r o p e r t i e s  of t h e  

c l o u d s ,  and i t  i s  l i k e l y  t h a t  they  a r e  m i x t u r e s  of s e v e r a l  types 

of s u b s t a n c e s .  

At tempts  t o  measure a tmospher ic  movements and c i r c u l a t i o n  

39 have been  made by s e v e r a l  workers.  Mintz  has sugges t ed  t h e  

p r e s e n c e  of two d i s t i n c t  t y p e s  of movement. The first i s  a high- 

l e v e l  l i n e a r  c i r c u l a t i o n  i n  t h e  upper  a tmosphere ;  t h e  second a 

r a d i a l  l o v - l e v e l  c i r c u l a t i o n  emanating from t h e  s u b - s o l a r  p o i n t .  

* 

However, Moore4* h a s  claimed t h a t  t h e  observed r a d i a l  markings 

of Venus, on which t h e  second p a t t e r n  i s  based ,  a r e  i l l u s o r y  and 

due t o  op t ica l  effects i n  t h e  telescope. 

14 U l t r a - v i o l e t  photography (Ross ) h a s  a l s o  been used t o  

s t u d y  a t m o s p h e r i c  movements, and t h e  p r e s e n c e  of t i m e - v a r i a b l e  

l i g h t  and d a r k  areas ,  sometimes s t r e t c h i n g  i n  bands,  h a s  been c l e a r l y  

demons t r a t ed .  V a r i a t i o n s  i n  p o l a r i z a t i o n  across t h e  d i s k  have been 

s t u d i e d  by D ~ l l f u s ~ ~ ,  who found r e g i o n s  o f  h igh  n e g a t i v e  p o l a r i z a -  

t i o n s  n e a r  t h e  supposed p o l e s .  The o u t l i n e s  of t h e s e  r e g i o n s  

changed c o n t i n u o u s l y  and r a p i d l y .  

There i s  no  doubt  t h a t  t h e  a tmosphe r i c  c i r c u l a t i o n  of Venus 

is a complex phenomenon and d i f f i c u l t  t o  s t u d y  from E a r t h .  



Table 7 .  Depth of  Atmosphere from Occul tat ion S tud ies  

S tar  Occulted Depth of atmosphere Author 
(km) 

5 Antoniadi et a l .  -- Eta Geminorum 80 t o  110 

36 Arietis 120 Haa s7 

a Regu l u  s 95 Menzel and de Vaucouleurs 



Table  8 .  I d e n t i f i e d  S p e c t r a l  F e a t u r e s  of Venus 

Band center 
(wavelength i n  microns) 

Author 

0.7158 Sp inrad41 
Hertzberg,  -- e t  a l . 4 2  

0.7828 Adams, el a1 .43  
S p i n r a d n  - 

0.7891 Adams, et a1.43 
Herzber32-  

A d e l ,  et a1.44 
Chamberlain, e t  a1.45 

-- 0.8698 
-- 

1.038 

1.051 

1.065 

1.206 

1.221 

1.293 

1.317 

1.434 

1.50 

Kuiper l 5  
Chamberlain, -- e t  a1.45 

~ u i p e r l 5  
Chamberlain, -- e t  a1.45 

~ u i p e r l 5  
Chamberlain, -- e t  a1.45 

~ u i p e r l 5  
Gebbie, -- e t  a l .46  

h i p e r 1 5  

~ u i p e r l 5  
Gebbie, -- e t  a l . 4 6  

KU i p  e r  15 
s i n  t on 30 

Kuiper l 5  
Gebbie, e t  al.46 
~ i n t o n 3 0 -  - 
Kuiperl5 
s i n  t on30 

Molecule 



1.538 

1.575 

1.606 

1.646 

1 . 9 6 1  

2.009 

2.060 

1.475 

2.347 

1.13 

Gebbie, e t  a l . 4 6  
~ in ton3O-  - 
KU i p  e r 4  7 
Gebbie, e t  a l . 4 6  
~ i n t o n 3 0 -  - 
K ~ i p e r ~ ~  
Gebbie, e t  a l . 4 6  
sin t on30 

Gebbie e t  
s in tonio-  - 
h i p e r 4 7  
Gebbie, e t  &.46 
s i n  t on30'- 

b i p e d 7  
Gebbie, ._- e t  a l . 4 6  
s i n  t on30 

h i p e r 4 7  . -  
Gebbie, -- e t  
s in ton30  

Gebbie, e t  a l . 4 6  
S i n t o n x -  - 
Sinton30 

S t rong ,  e t  a l .  104 -- 
co 

H20 



Table  9 .  Gases i n  t h e  Atmosphere of Venus 

Gas Amount Comments 
- 
1. 

2. 

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

9 .  

10. 

11. 

12. 

13. 

14. 

CO2 ,1000 m atmos. amount below c l o u d s  unknown. 

CO c .  23 c m  atmos photo d i s s o c i a t i o n  p roduc t  of 0 2 .  

H20 c .  1.9d1.6x10-~g/cm~3experimental error i n  d e t e c t i o n  makes 
t h e  v a l u e  dubious.  

N2 n o t  known i d e n t i f i c a t i o n  based on s p e c t r a  t h a t  
have n o t  been r epea ted .  

02 4 8 0  m atmos. if p r e s e n t ,  p robab ly  a photo  d i s s o c i a t i o n  
product  

H2CO ~ 0 . 3  c m  atmos. i d e n t i f i c a t i o n  d o u b t f u l  

N20 & l o 0  c m  atmos, --- 
CH4 420  c m  atmos. --- 

C2H6 41 cm atmos. 

Mi3 44 c m  atmos. 

H2 412 km atmos. probably  no t  p r e s e n t .  

A40 s i m i l a r  t o  produced from I 6 O  i n  s u r f a c e  r o c k s .  

N2O4 no t  known i d e n t i f i c a t i o n  doubtf  u 1. 
t e r r e s t r i a l  atmos. 



Table  10. Clouds of Venus 

Sugges ted  composi t ion  Author & yea r  Comments 

1. formaldehyde polymers 

2. polymer ized  C3O2 

3. d r o p l e t s  of water o r  
ice 

4 .  hydrocarbons  

5 .  q u a r t z  + i r o n  ox ides  

6 .  amonium n i t r a t e  

7 .  n i t r o g e n  t e t r o x i d e  

8 .  CaC03 + MgCO3 

9 .  v o l a t i l e  o r g a n i c  
compounds 

10.  d i s c h a r g e  polymers  

W i l d t  (1937)107 a b s o r p t i o n s  due t o  H2C0 a r e  
u n d e t e c t a b l e  i n  t h e  spectrum 

Kuiper (1957)48 a b s o r p t i o n  a t  11.2 cou ld  be  
t h i s  m a t e r i a l :  however t h e  poly-  
mers a r e  brown and v e r y  u n s t a b l e  

Menzel and amounts of H20 d e t e c t e d  a r e  
Whipple (1955)49 v e r y  low; t h e  c o l o r  index  of 

Venus is s i g n i f i c a n t l y  lower 
than  water  c l o u d s  

Hoyle (195S)50 t e r r e s t r i a l  hydrocarbons a r e  
Mintz  (1961)39 

Kuiper (1952) l5 

wide ly  assumed t o  be b i o l o g i c a l  
i n  o r i g i n  

geochemical  p r o d u c t i o n  u n l i k e l y  

D a u v i l l i e r  r e f l e c t i v i t y  t o o  low 
(1958)S1 

Heyden, e t  a l .  
(1959) 35- - 

r e f l e c t i v i t y  t o o  low 

bp ik  (1961)52 geochemical  p r o d u c t i o n  u n l i k e l y  

Briggs (1959)53 u n l i k e l y  t o  c o - e x i s t  w i t h  C02 

Wilson (1960)54 r e f l e c t i v i t y  t o o  low 
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V. TEMPERATURE 

There have been numerous estimates of t h e  t empera tu re  of 

Venus based on a n a l y s e s  of t h e  r a d i a t i o n  r e c e i v e d  a t  v a r i o u s  

wavelengths .  As t h e r e  i s  no c e r t a i n  knowledge a t  p r e s e n t  

w h e r e  on Venus a p a r t i c u l a r  c lass  of r a d i a t i o n  arises, i n t e r p r e -  

t a t i o n  of t h e  r e s u l t s  is d i f f i c u l t .  Table  11 l is ts  t h e  d e t a i l s  

of t h e  v a r i o u s  te tnpera ture  estimates. 

It h a s  been sugges t ed  t h a t  t h e  microwave emiss ion  arises 

from a n  ionosphe re  on Venus, but t h e  ev idence  makes t h i s  improbable  

(Sagan36).  

e f f e c t "  e x i s t s  and t h a t  t h e  solid s u r f a c e  is a t  around 600°K, 

w h i l e  t h e  upper  a tmosphere i s  about  250°K. 

It seems more r e a s o n a b l e  t h a t  a s t r o n g  "green house 



T a b l e  11. Temperature E s t i m a t e s  

Es t ima te  OK Wavelength Method Author and year  

1. 2342 10 

2 .  2 3 5 Z 9  

3 .  315.f 70 

4 .  4 1 0 2  160 

5.  5952 55 

6 .  5752 58 

7 .  5 7 5 t  60 

8 .  585 

9 .  5 8 0 2  160 

10.  600f65 

8 t o  1 3 r  thermocouple 

0 . 8 p  

0.80 c m  

0 .86  c m  

3 .15 c m  

3.37 

3.4 

3.75 

9 - 4  

10 .o 

C02 bands 

b l ack  body 

b lack  body 

b lack  body 

b lack  body 

b l a c k  body 

b l a c k  body 

b l a c k  body 

b lack  body 

P e t i t  and Nicholson (1955)55 
S i n t o n  and S t rong  (1960)31 

Chamberlain and Kuiper ( 1956)56 

Kuzmin and Salomonovich (1960) 57 

Gibson and McEwan (1959)58 

e t  a l .  (1958)59 Mayer, - - 
Alsop, e t  a l .  (1958,1959)60,61 

Mayer, e t  a l .  (1960)62 

Drake (quoted by Mayer, 1961)63 

my-9 e t  a l .  (1958)59 

Mayer, e t  a l .  (1960)62 

-- 
-- 

-- 
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V I .  ROTATION AND INCLINATION 

Due t o  t h e  dense  cloud l a y e r s ,  t h e r e  a r e  no obvious  permanent 

markings on Venus. Moreover t h e  p l a n e t  shows no o b l a t e n e s s .  

Consequent ly  t h e  two most d i f f i c u l t  p r o p e r t i e s  t o  de te rmine  a r e  

t h e  p e r i o d  of r o t a t i o n  and t h e  i n c l i n a t i o n  of t h e  a x i s .  

A l l  a t t e m p t s  t o  d e t e c t  a Doppler s h i f t  due t o  r o t a t i o n  by 

comparing s p e c t r a  of o p p o s i t e  l imbs  have been u n s u c c e s s f u l .  T h i s  

i m p l i e s  a r o t a t i o n  p e r i o d  of s e v e r a l  days ,  b u t  no  p r e c i s e  minimum 

can  be set due t o  t h e  absence  of knowledge on t h e  a x i s  i n c l i n a t i o n .  

S e v e r a l  estimates of t h e  p e r i o d  of r o t a t i o n  have been made 

from v i s u a l  and p h o t o g r a p h i c  o b s e r v a t i o n s  of t h e  c loud  markings.  

However, d i f f e r e n c e s  of  op in ion  i n  t h e  i n t e r p r e t a t i o n  of t h e  

o b s e r v a t i o n s  h a s  l e d  t o  a wide sp read  of e s t i m a t e s .  More r e c e n t l y  

r a d a r  o b s e r v a t i o n s  have been used, b u t  t h e  r e s u l t s  s t i l l  show 

l i t t l e  agreement .  

Table  1 2  l ists  estimates of t h e  r o t a t i o n  p e r i o d .  A more 

64 comple t e  l i s t  w a s  compiled by Sandner . 
It w i l l  be seen  t h a t  estimates of t h e  r o t a t i o n  p e r i o d  f a l l  

i n t o  3 g roups :  abou t  24 hours ,  abou t  10 - 14 days ,  and 225 days .  

Tbere i s  now f a i r  agreement t h a t  t h e  p e r i o d  canno t  be  a s  low a s  

24 hour s ,  d u e  t o  t h e  l a c k  of Doppler s h i f t  between t h e  l imbs .  

An argument a g a i n s t  a 225-day p e r i o d ,  which  implies t h a t  Venus 

c o n t i n u a l l y  t u r n s  t h e  same hemisphere t o  t h e  sun,  i s  t h a t  t h e  

t e m p e r a t u r e  of t h e  upper  atmosphere of b o t h  l i g h t  and d a r k  hemispheres  
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i s  the same (S t rong  and Sin ton65) .  

S e v e r a l  a u t h o r i t i e s  have suggested t h a t  t h e  r o t a t i o n  of 

V e n u s  i s  r e t r o g r a d e  ( S l i p h e r 6 6 ;  S t .  John and Nicholson67; 

Richardson68) .  

The i n c l i n a t i o n  of t h e  a x i s  of r o t a t i o n  of Venus t o  i t s  

o r b i t  h a s  been e s t i m a t e d  by P i ~ k e r i n g ~ ~  a t  850  from v i s u a l  

o b s e r v a t i o n s .  Examinat ions of photographed c l o u d  markings by 

Kuiper93 produced a n  e s t i m a t e d  i n c l i n a t i o n  of abou t  32O. 

examina t ions  by Richardson71 gave  a n  e s t i m a t e  of abou t  14O. 

a p p a r e n t  t h a t  t h i s  p r o p e r t y  of t h e  p l a n e t  i s  s t i l l  u n c e r t a i n .  

S i m i l a r  

It is 



Table  1 2 .  R o t a t i o n  Pe r iod  

Es t imated  r o t a t i o n  p e r i o d  Method 

1. 

2. 

3. 

4 .  

5. 

6 .  

7 .  

8 .  

9.  

10. 

11. 

12. 

1 3 .  

1 4 .  

15. 

16.  

17.  

18. 

19.  

20.  

23 h. 21  m. 

24 d .  8 h. 

23 h .  2 1  m. 

24 h. 

225 d .  

225 d .  

225 d .  

225 d .  

23 h .  57 m. 36.2 s. 

225 d .  

24 h .  

24 h .  42 m. 

225 d .  

225 D. 

225 d .  

20 h .  

68 h .  

a d .  

30 d .  

37 d .  4 h .  48 m. 

Visua 1 

Visua l  

V i s u a l  

V i s u a l  

V i s u a l  

Visua 1 

V i  sua 1 

V i  sua 1 

V i  sua 1 

V i s u a l  

V i s u a l  

Spec t r o sc op i c  

Spec tr o s c op i c  

Spec t r o sc op i c  

V i  sua 1 

S p e c t r o s c o p i c  

V i  sua 1 

V i  sua 1 

Photographic  

V i  sua 1 

Author and y e a r  

C a s s i n i  (1666)72 

B i a n c h i n i  (1727) 73 

S c h r g t e r  (179 1) 74 

Trouve lo t  (1875) 75 

S c h i a p a r e l l i  (1877) 76 

P e r r o t i n  (1890)77 

C e r u l l i  (1895) 78 

T a c c h i n i  (1895) 79 

Brenner (1895) ao 

Lowell  (1896)81 

F o u r n i e r  (1899) 

Bglopolsky  (1900)83 

S l i p h e r  ( 190 3) 84 

Lowell  (1909)85 

Wilson (1916)86 

Evershed (1919)87 

P i c k e r i n g  (1921) 69 

Steavenson  (1924)88 

Ross (1927) 

Martz (1933)89 

8 2  



21. 60 d. 

22.  22 h .  30 m .  

23. 15 d .  

24.  a few weeks 

25.  22 h .  

26.  14 d .  

27. 11 d. 

Spec tr o sc op i c  

Vi sua 1 

Visua 1 Roth (1953)92 

Photographic Kuiper (1954) 93  

Radio emiss ion Kraus ( 1956)g4 

Spectroscopic Richardson (1958) 68 

Radar Recent Sov ie t  data 

Wolkow (1949) 

Bart lett  (1952) 91 
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I 

VII. SURFACE 

There i s  no r e l i a b l e  d a t a  on t h e  n a t u r e  of t h e  s u r f a c e  of 

Venus. The c l o u d s  never  c lear  and no obse rve r  h a s  e v e r  s e e n  

benea th  them.  From large numbers of drawings of t h e  p l a n e t ,  

Danjong5 and Do1lfusg6 have found t h a t  a r e g u l a r  p a t t e r n  c a n  be 

d e t e c t e d .  

o r i e n t a t i o n  towards t h e  sun  and i n d i c a t e  a r o t a t i o n  p e r i o d  of 225 

days.  It h a s  been sugges ted  t h a t  t h e s e  r e g u l a r l y  observed markings 

a r e  caused by permanent s u r f a c e  f e a t u r e s  seen  w i t h  d i f f i c u l t y  

through t h i n  g a p s  i n  t h e  c louds .  

t h a t  t h e  markings a r e  mere ly  due t o  c h a r a c t e r i s t i c  c loud  p a t t e r n s  

caused by t h e  s l o w  r o t a t i o n  of t h e  p l a n e t ,  and have no connec t ion  

w i t h  s u r f a c e  f e a t u r e s .  

The "permanent" markings a p p e a r  t o  keep a c o n s t a n t  

However, i t  i s  q u i t e  p o s s i b l e  

The l a c k  of i n fo rma t ion  on t h e  chemica l  and p h y s i c a l  

p r o p e r t i e s  of t h e  a tmosphere p r e c l u d e s  any  a c c u r a t e  d e d u c t i o n s  on 

t h e  n a t u r e  of  t h e  s u r f a c e .  The v a r i o u s  theories  have been reviewed 

by Sagan36 and a re  mere ly  summarized here: 

1. a s u r f a c e  covered w i t h  h o t  w e t  swamps 

2.  a p l ane t -wide  ocean of water 

3. 

4 .  an  a lmos t  c m p l e t e l y  dry ,  much-eroded d e s e r t  

bpik52 has proposed a d u s t  model of Venus i n  w h i c h  t h e  g r i n d i n g  

a p l ane t -wide  ocean of hydrocarbons  

of d u s t  c l o u d s  a g a i n s t  t h e  s o l i d  s u r f a c e  produces  t h e  h igh  t empera tu re  

observed by microwave s t u d i e s .  
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V I I I .  INTERNAL STRUCTURE 

S t u d i e s  of t h e  i n t e r i o r  of t h e  p l a n e t s  a r e  d i f f i c u l t  t o  

c o n d u c t ,  and there i s  s t i l l  c o n s i d e r a b l e  c o n t r o v e r s y  ove r  t h e  

i n t e r n a l  s t r u c t u r e  of t h e  E a r t h .  

Data on t h e  i n t e r n a l  d i s t r i b u t i o n  of  matter w i t h i n  a p l a n e t  

can  be ga ined  from s e v e r a l  types of o b s e r v a t i o n s  i n c l u d i n g :  

1. t h e  o v e r a l l  specific g r a v i t y  

2 .  t h e  o b l a t e n e s s  and p e r i o d  of r o t a t i o n  

3. p e r t u r b a t i o n s  i n  t h e  motion of satell i tes 

4 .  seismic s t u d i e s  of ea r thquakes  

For  Venus, which h a s  no s a t e l l i t e ,  no d e t e c t a b l e  o b l a t e n e s s ,  

a n  u n c e r t a i n  r o t a t i o n  p e r i o d ,  and canno t  be i n v e s t i g a t e d  fo r  

e a r t h q u a k e s ,  t h e  o n l y  p o s s i b l e  p r e s e n t  approach t o  i t s  i n t e r n a l  

s t r u c t u r e  can be  by comparison wi th  E a r t h ,  t a k i n g  i n t o  c o n s i d e r a t i o n  

the d i f f e r e n c e  i n  s p e c i f i c  g r a v i t y .  

E a r t h  i s  known t o  p o s s e s s  a h i g h - d e n s i t y  c o r e ,  sur rounded by 

a lower d e n s i t y  man t l e :  overwhich lies t h e  t h i n  c r u s t .  It seems 

p r o b a b l e  from t h e  s i m i l a r  dimensions and specific g r a v i t y  t h a t  

8 t h e  i n t e r n a l  s t r u c t u r e  of Venus i s  s imi l a r ,  though t h e  core i s  

somewhat smaller. 

Accura t e  i n f o r m a t i o n  w i l l  be d e r i v e d  o n l y  from expe r imen t s  

conducted on Venus. 
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IX. MAGNETIC FIELD 

Attempts  t o  es t imate  t h e  magnetic f i e l d  of Venus have been 

made by Houtgastg7 who h a s  suggested t h a t  t h e  f i e l d  of  Venus should  

t end  t o  d i v e r t  streams o f  charged p a r t i c l e s  emanat ing from t h e  sun. 

Consequent ly ,  when Venus i s  between E a r t h  and t h e  sun  more of t h e  

charged p a r t i c l e s  should  s t r ike  t h e  E a r t h  t h a n  normally.  

i n g  r e c o r d s  of d a i l y  magnet ic  d i s t u r b a n c e s  f o r  44 i n f e r i o r  c o n j u n c t i o n s  

of  Venus, Houtgast  found a marked e f f e c t  and was l e d  t o  s u g g e s t  t h a t  

t h e  magnet ic  f i e l d  of Venus i s  about  5 times grea te r  t h a n  t h a t  of 

E a r t h .  

By s tudy-  

However, t h e  magnetometer c a r r i e d  on Mar iner  (see s e c t i o n  X) 

f a i l e d  t o  d e t e c t  any  magnet ic  f i e l d  of Venus, and t h e  a c t u a l  f i e l d  

must be  c o n s i d e r a b l y  less t h a n  t h a t  of E a r t h .  T h i s  i s  a d d i t i o n a l  

ev idence  fo r  a slow r o t a t i o n ,  f o r  E a r t h ' s  magnet ic  f i e l d  i s  commonly 

supposed t o  a r i s e  by a dynamo-effect on t h e  core due  t o  t h e  r a p i d  

r o t a t i o n .  

X . MARINER EXPERIMENTg8 9 99 J loo 

On 1962 August 27, t h e  Mariner 11 s a t e l l i t e  was launched from 

Cape Canavera l  by means of an  Atlas-Agena B v e h i c l e .  In t h e  launch 

p o s i t i o n  Mar iner  w a s  9 feet  11 i n c h e s  h igh  and 5 f e e t  i n  d i ame te r .  

I n  s p a c e ,  p a n e l s  unfo lded  t o  i n c r e a s e  t h e  h e i g h t  t o  11 f e e t  11 i n c h e s  

and t h e  span  t o  16 feet  6 i n c h e s .  The t o t a l  w e i g h t  was 446 pounds 

of w h i c h  50 pounds was s c i e n t i f i c  i n s t r u m e n t s :  t h e  remain ing  weight  

b e i n g  t a k e n  up by p r o p u l s i o n  u n i t s ,  e l e c t r o n i c  equipment,  e tc .  
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Six t y p e s  of s c i e n t i f i c  i n s t r u m e n t s  w e r e  c a r r i e d  on t h e  

Of these o n l y  t h r e e  were d i r e c t l y  concerned w i t h  s a t e l l i t e .  

measurements of Venus. The o t h e r s  ( i o n  chamber and p a r t i c l e  f l u x  

d e t e c t o r ,  cosmic d u s t  d e t e c t o r ,  and s o l a r  plasma spec t rophotometer )  

w e r e  t o  make measurements of i n t e r p l a n e t a r y  space .  

The three i n s t r u m e n t s  d i r e c t e d  a t  Venus w e r e  a microwave 

r a d i o m e t e r ,  a n  i n f r a - r e d  r ad iomete r ,  and a magnetometer. The micro- 

wave r a d i o m e t e r  scanned r a d i a t i o n  from Venus a t  two wavelengths ,  

13.5 mm and 19 mm. The first wavelength i s  a n  a b s o r p t i o n  band of 

water,  t h e  second i s  n o t  a f f e c t e d  by water and t o g e t h e r  t h e y  were 

u s e d  t o  de t e rmine  t h e  H20 c o n c e n t r a t i o n  i n  t h e  upper  a tmosphere of 

Venus. 

The i n f r a - r e d  r ad iomete r  opera ted  a t  8 t o  9 p  and a t  10 t o  

1 0 . 8 ~  , and w a s  des igned  t o  look a t  t h e  f i n e  s t r u c t u r e  of  t h e  

c l o u d s ;  i n  p a r t i c u l a r  t o  s e a r c h  f o r  openings.  The magnetometer 

n o t  o n l y  d e t e c t e d  f i e l d s  due t o  Venus, b u t  a l s o  measured i n t e r p l a n e -  

t a r y  magnet ic  f i e l d s .  

Radio  contact  w i t h  Mariner  was f i n a l l y  l o s t  on 1963 J a n u a r y  3. 

On 1962 December 14, t h e  s a t e l l i t e  p a s s e d  21,594 miles above t h e  

s u n l i t  s i d e  of Venus and scanned t h e  p l a n e t  f o r  42  minutes .  The 

r a d i o - d a t a  i s  s t i l l  under  a n a l y s i s ,  b u t  s e v e r a l  r e s u l t s  have been 

r e l e a s e d .  F i r s t ,  no magnet ic  f i e l d  of Venus w a s  d e t e c t e d ,  and no 

m a g n e t i c a l l y  t r apped  r a d i a t i o n  z o n e s  were d e t e c t e d  above t h e  p l a n e t .  

From t h e  o r b i t  of  t h e  satell i te,  i t  proved p o s s i b l e  t o  compute 
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a new v a l u e  of t h e  mass of Venus .  T h i s  came o u t  a t  1/408,300? 

0.015% s o l a r  masses and should be compared w i t h  t h e  v a l u e s  g iven  

i n  Table  5. 

X I .  INDIGENOUS LIFE 

There  i s  no ev idence  of l i f e  on Venus, and i f  t h e  s u r f a c e  

t empera tu re  p r o v e s  t o  be 600°K, t h e  p r e s e n c e  of organisms w i t h  a 

t e r r e s t r i a l - t y p e  b i o c h e m i s t r y  i s  p rec luded .  

S e v e r a l  a u t h o r s  have sugges ted  t h a t  t h e i r  o b s e r v a t i o n s  i n d i c a t e  

t h e  p r e s e n c e  of organisms,  b u t  i n  no c a s e  i s  t h e  ev idence  s a t i s -  

f a c t o r y .  

by h im i n  t h e  s p e c t r a  of Venus t o  micro-organisms,  w h i l e  Tikhovlo2 

has  sugges t ed  t h a t  t h e r e  i s  a p r e f e r e n t i a l  a b s o r p t i o n  of  r e d  and 

ye l low l i g h t  by t h e  s u r f a c e  of Venus t h a t  i s  s i m i l a r  t o  l i g h t  

a b s o r p t i o n  by v e g e t a t i o n .  

Thus ICo~yrev '~ '  a s c r i b e d  some of t h e  a b s o r p t i o n s  d e t e c t e d  

Housden lo3 sugges t ed  t h a t  t h e  t e l e s c o p i c  markings of Venus 

were i n t e l l i g e n t l y  c o n s t r u c t e d  a r t i f a c t s .  However, these markings 

a r e  l a r g e l y  i l l u s o r y .  
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